Summary. Female golden hamsters were mated either about 5 to 8 hr before ovulation or about 2 hr after ovulation. At various intervals after mating, a ligature was placed slightly above the intramural portion of the oviduct, thus preventing further sperm ascent. In the females mated before ovulation, the percentages of eggs fertilized, as examined 10 to 12 hr after the estimated time of ovulation, were 16\m=.\8,39\m=.\6, 58\m=.\3 and 81\m=.\4 when oviducts were ligated 1, 2, 4 and 6 hr after mating, respectively. In the females mated after ovulation, on the other hand, 37\m=.\5and 92\m=.\0% of eggs were fertilized following ligation of oviduct at 0\m=.\5and 1 hr after mating, respectively. Examination of complete serial sections of oviducts fixed 1 hr after mating showed that the oviducts of females mated after ovulation contained a relatively larger number of spermatozoa in their upper reaches than those of females mated before ovulation. It is concluded that in the hamster the ascent of spermatozoa through the oviduct takes place more rapidly when females are mated after ovulation than before ovulation. When rabbits were mated 8 and 4 hr before or 2 hr after ovulation, and their utero-tubal junctions were ligated 2 hr later, the fast sperm ascent after ovulation was not demonstrated.
INTRODUCTION
Sperm transport through the oviduct of the rodent has been studied by several workers. In the mouse, a few spermatozoa were recovered from the upper regions of the oviduct 15 min after mating (Lewis & Wright, 1935) . In the rat, spermatozoa were found in the ovarian segment of the oviduct 15 to 30 min after ejaculation (Blandau & Money, 1944) . According to Yamanaka & Soderwall (1960) , hamster spermatozoa were found in the ampullary portion of the oviduct within 2 min after ejaculation. Thus, the available evidences have been accumulated to show a rapid transport of spermatozoa through the oviducts.
In the rabbit, the spermatozoa seldom reach the oviduct within 1 hr after mating. Thus, Braden (1953) was unable to recover spermatozoa from oviducts less than 3 hr after mating. By means of post-coital ligation of the utero-tubal 414 R. Tanagimachi and M. C. Chang junction, Adams (1956) and Greenwald (1956) found that 5 to 6 hr are required before sufficient spermatozoa enter the oviduct of all rabbits to fertilize all the eggs shed.
In the female rat and hamster oestrus lasts for about 13 to 18 hr Soderall, Kent, Turbyfill & Britenbaker, 1960) and ovulation occurs about 8 to 10 hr after the onset of oestrus (Boling, Blandau, Soderwall & Young, 1941; Blandau, 1952; Harvey, Yanagimachi & Chang, 1961) . Since the females will mate at any time during oestrus, it is of interest to determine whether or not the rate of sperm transport is affected by the time of mating. In the present study, the rate of sperm transport was assessed by ligating the lower part of the oviduct (or the utero-tubal junction) at various times after mating and subsequently examining eggs for evidence of fertilization. This was done because the entry of the first few spermatozoa into the oviduct does not necessarily imply that all the ova shed are fertilized by these vanguard spermatozoa.
MATERIALS AND METHODS
Adult virgin golden hamsters weighing between 100 and 150 g were used. Since the majority of females ovulate about 8 hr after the onset of oestrus (Harvey et al., 1961) , it is possible to mate females at specific times before and after ovulation. For the present study, the females were mated either within 3 hr after the onset of oestrus (i.e. about 5 to 8 hr prior to ovulation) or at about 10 hr after the onset of oestrus (i.e. approximately 2 hr after ovulation). In both cases, one female was introduced into a cage with two vigorous males. Generally, a large number of spermatozoa were found in the vagina within the first 10 min after the start of copulation. Females were allowed to copulate with two males for about 30 min.
At various intervals after the start of copulation, the right genital tract of each female was exposed mid-ventrally under ether anaesthesia. The uterus was moderately stretched and a mass of spermatozoa engorging the whole length of the uterus was gently squeezed towards the posterior half of the uterus. A tight ligature with fine thread was then placed slightly above the intramural region of the oviduct {see Text- fig. 1 ), special care being taken to avoid damage to the blood vessels. The left oviduct was not ligated and served as control.
Between 10 and 12 hr after the estimated time of ovulation, the eggs were recovered from the ampullae and examined for evidences of fertilization with a phase-contrast microscope Oeri, 1960) . In the present study, the oviduct was arbitrarily divided into five segments for the convenience of describing the results : (1) the infundibulum, the portion protruding into the periovarian cavity; (2) the ampulla, the ovarian section of oviduct involving the first three or four loops with a thin wall; (3) cephalic isthmus, the next three or four loops with a thicker wall and a markedly narrower lumen than the preceding sections; (4) the caudal isthmus, the portion composed of the succeeding three or four loops; (5) the intramural section of isthmus imbedded within the uterine wall. Cross sections through two different levels of the oviduct are shown in PI. 1, Figs. 1 and 2. Fig. 6 ). The cephalic isthmus also con¬ tained spermatozoa, but far fewer than the caudal isthmus (PI. 2, Fig. 7 ).
In each of two females, a few spermatozoa were found in one of the ampullae (PI. 2, Fig. 8 ). Photomicrographs of the oviduct and uterus taken from females mated about 2 hr after ovulation and killed 1 hr later. 
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In the females mated 5 to 8 hr before ovulation, a vast number of sperma¬ tozoa were invariably found in the uterus. A large number of spermatozoa were (1960) reported that the spermatozoa could be recovered from the ampullary portion of the hamster oviduct within 2 min after ejaculation. It is possible that ligation of the oviduct may disturb the fertilizing capacity of spermatozoa trapped in the ampulla. Leonard (1950) reported that when female rats were mated in the early evening (probably several hours before ovulation) and the utero-tubal junction was ligated 1 to 5 hr after copulation, most of the eggs (98-4%) were not fertilized. (Table 2) . As described by Chang & Sheaffer (1957) and confirmed in the present study, a vast number of spermatozoa are deposited in the uterus of the hamster at copulation. A fairly large number of spermatozoa also pass rather promptly into both the intramural and caudal portions of the isthmus. However, as shown by serial sections, hamster spermatozoa seldom reached the ampullary portion of the oviduct within 1 hr after mating. This was especially true when females were mated before ovulation. Thus, the remarkably rapid sperm transport to the ampulla of the hamster oviduct reported by Yamanaka & Soderwall (1960) is subject to further critical examination. Contamination of the sample with uterine spermatozoa may have occurred in their study.
The rate of sperm ascent appears to be influenced by the time of mating in the rat, as in the hamster. According to Braden & Austin ( 1954) the number of spermatozoa recovered from the ampullae of rats several hours after mating was significantly Sperm ascent in hamster and rabbit 419 higher when females were mated during or after ovulation than when they were mated before ovulation. These authors expressed the opinion that the restriction on the passage of spermatozoa through the female tract is relaxed towards the end of oestrus and that such a relaxation may not exist in the rabbit, because the number of spermatozoa found in the oviduct 4 to 6 hr after copulation is not significantly different between females mated normally (i.e. about 10 hr prior to ovulation) and those mated about the time of ovulation (Braden & Austin, 1954) . Although our experimental results in the rabbit confirm their observa¬ tions, we think that such a relaxation, or rather change in activity, may also exist in the rabbit. We think that the different results obtained in the hamster and rabbit is due to the fact that in the hamster hundreds of millions of sperma¬ tozoa are almost directly deposited into the uterus, whereas in the rabbit spermatozoa are ejaculated into the vagina and only a small fraction get into the uterus. It may be that transport of spermatozoa is quicker after ovula¬ tion in the rabbit, but that it does not show up because the anatomy of the female tract is different, and because only relatively few spermatozoa enter the uterus. If this is so, then we would expect sperm ascent not to be faster after ovulation in the cow or sheep, and perhaps in women. On the other hand, we would expect a fast sperm ascent after ovulation in the rat, in the pig, and perhaps in the mare, because in these species a large volume of semen is ejaculated into the uterus, as in the hamster.
Farris (1942) reported that in the rat the spermatozoa were transported from the uterus to the oviduct only just before or at the time of ovulation, suggesting a long sojourn of spermatozoa in the uterus before they enter the oviduct. It is unlikely that none of the spermatozoa enter the oviduct until the time of ovulation, because Blandau & Money (1944) were able to recover spermatozoa from both uterine and ovarian segments of the oviduct 1 hr after mating. How¬ ever, it is quite possible that a large number of spermatozoa do not start to migrate from the uterus towards the upper portion of the oviduct until just before or after ovulation. In this connexion, the results of experiments involving post-coital ligation of the rat oviduct are of special interest. Leonard (1950) found that when the oviduct was ligated around the utero-tubal junction between 1 and 5 hr after mating, a very low percentage of eggs was fertilized, as mentioned previously. Alden (1942) , on the other hand, observed many normally developing eggs in the oviducts ligated about 6 hr after mating. These contradictory observations may suggest that a considerable time (5 to 6 hr or more) is required before sufficient spermatozoa enter the oviducts to fertilize all the viable eggs.
